This study examined the effects of the glucocorticoid receptor (GR) agonist RU28362 on stress-induced gene expression in the pituitary of rats to investigate mechanisms of glucocorticoid negative feedback in vivo. In an initial experiment, acute restraint stress produced rapid (within 15 min) induction of c-fos mRNA, zif268 mRNA and pro-opiomelanocortin (POMC) hnRNA within the anterior and intermediate/posterior pituitary as determined by quantitative real-time polymerase chain reaction. Treatment with RU28362 (150 lg/kg, i.p.) 60 min before restraint inhibited adrenocorticotrophic hormone (ACTH) and corticosterone secretion and selectively suppressed the stress-induced increase in POMC hnRNA in the anterior pituitary gland. The failure of RU28362 to surpress the stress-induced rise in c-fos and expression of zif268 mRNA suggests that the central release of ACTH secretagogues was not affected at this time point by treatment with the GR agonist. Rather, the inhibition of ACTH release appeared to be due to a direct effect of RU28362 within the pituitary. A follow-up time-course study varied the interval (10, 60 or 180 min) between RU28362 pretreatment and the onset of restraint. The stress-induced increase in POMC hnRNA was completely blunted by RU28362 treatment within 10 min of treatment, although the stress induced hormone secretion, c-fos mRNA and zif268 mRNA were unaffected. The rapid inhibition of the stress-induced rise in POMC hnRNA in the anterior pituitary appears to reflect direct, GR-mediated suppression of POMC gene expression. RU28362 pretreatment 180 min before restraint onset was sufficient to suppress the stress-induced expression in the anterior pituitary gland of all three genes examined. Thus, the delayed negative feedback effects on hypothalamic-pituitary-adrenal axis activity that emerged after 180 min after glucocorticoid treatment were not evident at 60 min. Taken together, the data suggest that the inhibition of the stress-induced release of ACTH apparent within the first hour of glucocorticoid exposure is effected at the level of the pituitary gland. The delayed glucocorticoid effects evident 180 min after RU28362 treatment may include glucocorticoid actions in the brain and additional actions within the pituitary.
Treatment of rats with glucocorticoids suppresses subsequent stress-induced activity of the hypothalamo-pituitary-adrenal (HPA) axis (negative feedback). These negative feedback effects depend on multiple molecular processes at cellular locations intrinsic (paraventricular nucleus of the hypothalamus (PVN) and anterior pituitary) and perhaps extrinsic to the HPA axis (1, 2) . However, the site specific actions and temporal sequence of glucocorticoid effects that contribute to HPA axis hormonal secretion is still not well understood. Although it is well established that glucocorticoids act on both the hypothalamus (3-7) and the pituitary (3, 8, 9) to alter subsequent HPA responsivity, the timeframe of these discrete effects has not been clearly established. Consequently, it remains unclear which glucocorticoid negative feedback actions are necessary and sufficient to cause inhibition of stress-induced hormone secretion at various points in time after a phasic increase in systemic glucocorticoids. To improve our understanding of the various glucocorticoid actions that contribute to negative feedback, we have adopted the strategy of examining changes in stressinduced gene expression within components of the HPA axis at various intervals after treatment with the specific glucocorticoid receptor (GR) agonist RU28362. Unlike the higher affinity corticosteroid receptor (mineralocorticoid receptor), very little GR is bound by basal corticosterone levels, and GR occupancy fluctuates with transient increases in plasma corticosteroid concentration (10) . Consequently, GR is believed to be the corticosteroid receptor that primarily mediates the glucocorticoid negative feedback resulting from a phasic increase in endogenous glucocorticoid secretion (10) . Although a direct regulatory role of GR at the pituitary has been well documented (1, 2, 11) , the extent to which this action is necessary for glucocorticoid inhibition of stressinduced HPA axis hormone secretion has not been carefully evaluated. The present studies explored the functional consequences of these negative feedback effects within discrete timeframes.
Exposure of rats to a wide range of stressors rapidly induces within the medial parvocellular portion of the PVN expression of a number of different genes including the c-fos and corticotrophin-releasing hormone (CRH) genes (12, 13) . The rapid induction of these genes within the PVN is a result of stress-induced alterations in the neural input and subsequent signal transduction pathway activity within these neurones. Each individual gene has a unique promoter region and associated regulatory elements, which may or may not include glucocorticoid response elements. Thus, it is possible that the expression of each gene provides a unique profile of intracellular activity and glucocorticoid signal integration. Our previous studies that examined the effects of glucocorticoids on stress-induced c-fos and CRH gene expression in the PVN support this view (14) . Treatment of rats with the GR selective agonist RU28362 60 min before restraint effectively suppresses the corticosterone response to restraint, and also suppresses the stress-induced expression of CRH hnRNA. Surprisingly, this treatment does not suppress stressinduced induction of c-fos mRNA or Fos protein. These results led us to conclude that RU28362 treatment does not surpress the stress-induced excitatory input to the PVN within 60 min of treatment. Thus, the glucocorticoid suppression of corticosterone secretion must be due to an effect downstream from the excitatory input to the PVN. This could be due to either a direct glucocorticoid effect on the CRH neurones and/or a direct effect on corticotrophs.
To advance this hypothesis, the present study examined the expression of stress-responsive genes in the pituitary gland to determine whether RU28362 treatment inhibits the pituitary gland response to stressful stimuli. If RU28362 suppress the secretion of adrenocorticotrophic hormone (ACTH) secretagogues [e.g. CRH and argine vasopressin (AVP)], then we would predict a suppression of stress-induced gene expression in the anterior pituitary. If instead, the inhibitory effects of RU28362 on ACTH secretion reflect direct actions on corticotrophs, RU28362 should have no effect on gene expression or will supress the expression of those genes that are directly repressed by glucocorticoids.
In this study, we examined the expression of three genes, c-fos, zif268 (also known as NGFI-A, Krox-24 or Egr-1) and pro-opiomelanocortin (POMC). We have used the quantitative real-time polymerase chain reaction (qPCR) as a sensitive quantitative measure of gene expression in both the anterior and intermediate/posterior lobes of the pituitary gland. The c-fos and POMC genes have been shown previously to be induced in the anterior pituitary gland after 30 min of restraint (15) . Because POMC is expressed constitutively at a relatively high level, changes in POMC expression were determined by measurement of heteronuclear POMC hnRNA (hnRNA) (16) . We included zif268 mRNA in this study as an immediate early gene that is rapidly induced in neural tissue by stress but, in contrast to c-fos, is resistant to suppression by chronic glucocorticoid treatment (17 However, it appears that only POMC expression in the anterior pituitary is subject to direct GR-mediated glucocorticoid regulation. As we confirm in this report, very few if any GR immunopositive cells are present within the intermediate pituitary (18, 19) .
In our initial experiments, rats were pretreated with RU28362 60 min before restraint challenge to establish the feasibility of monitoring stress-induced gene expression in the anterior pituitary with qPCR as well as determination of possible differential gene response to RU28362. In a subsequent experiment, we varied the interval (10, 60 or 180 min) between RU28362 treatment and the subsequent stress challenge. The very short treatment interval allowed for determination of rapid glucocorticoid effects, whereas the longer treatment interval fell within the time domain typically associated with delayed glucocorticoid negative feedback (2).
Materials and methods

Subjects
Young adult male Sprague-Dawley rats (Harlan, Essex, UK) weighing 250-350 g were housed in pairs in polycarbonate tubs in a noise-proof colony room maintained under a 12 : 12 h light/dark cycle (lights on 07.00 h). Standard rat chow and water were provided ad lib. Animals were given at least 2 weeks to acclimatise to the colony prior to experimentation. All rats were weighed and given identification markings on the day before experimentation. Experiments were carried out between 08.00 h and 12.00 h to insure that all experiments were conducted in the circadian trough. All animal experimentation was approved by the Institutional Animal Care and Use Committee at the University of Colorado at Boulder.
Drug pretreatment
The dose of RU28362 (150 lg/kg) chosen for these experiments has been shown to occupy the majority of GR in brain tissue and to suppress restraintinduced corticosterone and ACTH secretion substantially (4). RU28362 (a gift of the former pharmaceutical company Roussel Uclaf, France) was dissolved in 0.9% saline containing 40% 2-hydroxypropyl-beta-cyclodextrin (HBC, H107, Research Biochemicals International, Natick, MA, USA). Rats were injected with drug or vehicle i.p. at varying timepoints before the onset of restraint stress.
Restraint stress
Rats were placed in clear Plexiglas tubes (23.5 cm in length and 7 cm in diameter; with multiple air holes) with their tails protruding. The size of the tube restricted lateral and forward/backward movement but did not interfere with breathing. Restraint was applied in a room separate but near the homecage room.
Experimental procedures
Effect of systemic administration of RU28362 on intracellular GR localisation in the pituitary gland GR is localised in the cytoplasm in the absence of ligand and upon binding ligand translocates to the nucleus of the cell (20) . Cytoplasmic versus nuclear GR localisation was visually distinguished by immunohistochemistry. This experiment examined GR expression in pituitary and the extent of GR occupation by RU28362 60 min after treatment. Rats were bilaterally adrenalectomised to eliminate endogenous GR ligand (corticosterone). After recovery from surgery (3 days), adrenalectomised rats were injected i.p. with RU28362 (150 lg/kg) or vehicle (n ¼ 4); 60 min later rats were deeply anaesthetised with a xylazine (20 mg/kg) and ketamine (100 mg/kg) mixture and perfused trans-cardially with 400-500 ml 0.01 M phosphate-buffered saline (PBS) followed by 400-500 ml of ice-cold 4% paraformaldehyde in 0.1 M PBS. The pituitary glands were removed and postfixed in 4% paraformaldehyde for 24 h. Coronal sections (40 lm) were cut on a vibratome and collected in PBS. Slices were immunostained (as described below) within 2 days after sectioning.
Experiment 1: effect of treatment with RU28362 60 min prior to stress on gene expression in the pituitary Rats were injected i.p. with RU28362 (150 lg/kg) or vehicle 60 min before exposure to a 15-min period of restraint stress. Control rats were left undisturbed in their homecage after injection. The period of restraint was selected on the basis of time course studies which demonstrated peak expression of c-fos mRNA in the PVN at this time point (unpublished data). Immediately following the termination of restraint stress, or at an equivalent postinjection timepoint for control animals, the rats were decapitated rapidly and their pituitary glands removed. The posterior and intermediate lobes were visualised with a dissecting microscope and were separated from the anterior lobe manually using fine forceps. The two sections (anterior lobe and a posterior/intermediate lobe complex) were then flash-frozen in microfuge tubes and stored at )80°C until processing for PCR analysis (described below). Immediately following the termination of restraint stress rats were rapidly decapitated, and their pituitary glands were removed, dissected, and frozen as described above. Anterior pituitary tissue was stored at )80°C until it was processed for PCR analysis (described below).
Corticosterone radioimmunoassay
Trunk blood was collected immediately after decapitation and the plasma was separated and stored at )20°C. Corticosterone was measured by radioimmunoassay (4) . The within and between assay coefficients of variation were 6.3% and 9.0%, respectively. The detection limit was 0.5 lg/dl for a 20 ll sample.
ACTH radioimmunoassay
Blood samples for the ACTH assay were collected into EDTA coated tubes and stored at )80°C. Plasma concentrations of ACTH were determined by radioimmunoassay procedures described in Nicholson et al. (21) using antiserum (rabbit antibody Rb7) courtesy of Dr Bill Engeland, University of Minnesota. The within and between assay coefficients of variation were 6.2% and 14.4%, respectively. The detection limit for this assay was 15 pg/ml for a 50 ll sample.
GR protein immunohistochemistry
Tissue sections were incubated overnight (4°C) in 0.1 M PBS containing rabbit antiserum, 0.3% Triton-X and 1.5% normal goat serum. The GR antiserum was raised against a peptide sequence unique to a portion of the glucocorticoid receptor (22) (hGR 346-367; 1 : 500 dilution; PA1-511; Affinity Bioreagents, Golden, CO, USA). The tissue was then incubated in PBS containing biotinylated goat anti-rabbit immunoglobulin secondary antibody (1 : 500; Vector Laboratories, Burlingame, CA, USA) for 2 h and a colour precipitate was achieved using the biotin-avidin-immunoperoxidase method (ABC VectaStain Kit, Vector Laboratories). Tris buffered diaminobenzidine (0.2 mg/ml) and nickel ammonium sulphate (6.5 mg/ml) were used as chromogens. The sections were mounted onto glass microscope slides, air-dried, rinsed in distilled water, dehydrated, delipidised, and coverslipped.
Quantitative real-time polymerase chain reaction Total RNA was isolated from pituitary tissue (23), DNase treated (DNA-free kit; Ambion, Austin, TX, USA), reverse transcribed with use of random primers into cDNA, and amplified using q-PCR methodology (24) with aid of the Quantitect SYBR Green PCR Kit (Qiagen, Valencia, CA, USA). Complementary DNA sequences for rat c-fos mRNA (Accession no. X06769), zif-268 mRNA (Accession no.012551), POMC hnRNA (Accession no. J00759), and GAPDH (Accession no. M17701) were obtained from GenBank at the National Center for Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov). Primer sequences are as follows: c-fos mRNA (forward: 5¢-CTTCCTTTGTCTTCACCTACC-3¢; reverse: 5¢-CCTTCTCTG ACTGCTCACA-3¢; 110 bp product), zif-268 mRNA (forward: 5¢-TCACTC ACCCACCATGGACAAC-3¢; reverse: 5¢-TCAGCAGCATCATCTCCTC CAG-3¢; 53 bp product), POMC hnRNA (forward: 5¢-TTGGGTGGAAG ATGGCAC-3¢; reverse: 5¢-GATGCAAGCCTGTAGGGA-3¢; 132 bp product, spans intron A and exon 2) and GAPDH (forward: 5¢-GTTTGTGAT GGGTGTGAACC-3¢; reverse: 5¢-TCTTCTGAGTGGCAGTGATG-3¢; 162 bp product). Primer specificity was verified by melt curve analysis. Relative gene expression was determined using the 2 -DDCt method (24, 25) . All values for gene expression following qPCR analysis are expressed as relative to the housekeeping gene GAPDH and referred to as Ôrelative expression.Õ Values for experiment two have been expressed as a percent of the basal value for nonstressed, vehicle-treated controls in order to illustrate stress-induced increases.
Statistical analysis
Statistical analyses were conducted using the StatView statistical analysis programme (SAS Institute, Cary, NC, USA). Data were analysed using ANOVA followed by Fisher's post-hoc tests. Experiment 1 included several cohorts of rats, therefore cohort was included as a covariate in the analysis. Statistical significance level was a priori set at P < 0.05. Summary data presented in graphs and texts are the group means ± SEM.
Results
Effect of systemic administration of RU28362 on intracellular GR localisation in the pituitary gland
In tissue from vehicle-treated adrenalectomised rats, the GR immunostaining was weakly distributed throughout the cell (Fig. 1) . By contrast in tissue from rats treated with RU28362, GR immunostaining was strong, predominantly nuclear, and present in cells scattered throughout the anterior and posterior lobe of the pituitary, but almost completely absent in the intermediate lobe (Fig. 1 ). The strong GR nuclear immunostaining of R28362 treated rats suggests that this dose of RU28362 effectively occupied GR in the anterior pituitary. Plasma hormone concentrations (Fig. 2) There was a substantial increase in ACTH and corticosterone 15 min after restraint onset in control rats. This increase was Gene expression in the pituitary (Fig. 3) The expression of all three genes examined (c-fos mRNA, zif268 mRNA, POMC hnRNA) was induced by 15 Plasma hormone concentrations (Fig. 4) As in the previous experiment, pretreatment with RU28362 had an overall suppressive effect on stress-induced ACTH [F(26,30) ¼ 9.0, P < 0.01] and corticosterone [F(26,30) ¼ 5.7, P < 0.01] secretion. Post-hoc tests indicated that there was no significant effect of drug on hormone secretion with the 10 min pretreatment interval, a partial suppression with 60 min pretreatment (statistically significant for corticosterone, but not ACTH secretion) and substantial, significant suppression with 180 min pretreatment (P < 0.001).
Gene expression in the anterior pituitary (Fig. 5 ) Again there was a significant induction of c-fos mRNA, zif268 mRNA and POMC hnRNA in the anterior pituitary gland within 15 min of restraint. Varying the interval between RU28362 pretreatment and the onset of restraint stress revealed a delayed effect of GR receptor activation on c-fos and zif268 mRNA compared to POMC hnRNA. Thus, overall, there was no main effect of the pretreatment interval or drug treatment on c-fos expression. However, there was a significant interaction between the two factors [F(26,30) ¼ 5.9, P < 0.01). Further analysis revealed that there was no significant effect of RU28362 pretreatment on stress-induced c-fos mRNA expression after the 10 min and 60 min pretreatment interval. However, there was an almost complete blunting of stress-induced c-fos mRNA expression after the 60 min pretreatment interval. The pattern of zif268 mRNA expression across treatments was similar to that for c-fos mRNA, with no inhibitory influence of RU28362 pretreatment except with the 180 min pretreatment time. Fisher's post-hoc analysis revealed that at the 10 min pretreatment interval, RU28362 pretreatment actually caused a significant up-regulation of stress-induced zif-268 mRNA expression (P ¼ 0.02). In the case of POMC hnRNA expression, RU28362 pretreatment dramatically blunted stressinduced POMC hnRNA expression at all three pretreatment intervals [F(26,30) ¼ 23.9, P < 0.01].
Discussion
In the present study, we found that the psychological stressor, restraint (31), produced a rapid (within 15 min) induction of POMC hnRNA, c-fos mRNA and zif268 mRNA in both the anterior and intermediate/posterior pituitary gland. Pretreatment with the GR selective agonist, RU28362 60 min before the onset of stress inhibited the release of stress-induced ACTH (experiment 1) and corticosterone (experiments 1 and 2), and the induction of POMC hnRNA (experiments 1 and 2). By contrast, the drug treatment did not affect the stress-induced c-fos mRNA or zif268 mRNA in anterior or intermediate/ posterior pituitary. Nor did it inhibit the stress-induced expression of POMC hnRNA in the intermediate/posterior pituitary. Consequently, we conclude that administration of RU28362 60 min before stress does not inhibit the stressinduced intercellular signals to the pituitary that are responsible for c-fos or zif268 gene induction throughout the pituitary. Nor does it inhibit the signals which lead to POMC gene induction in the intermediate lobe.
The conclusion that activation of GR 60 min prior to stress does not affect the stress-induced signals to the pituitary gland has several implications. First, the inhibition of stressinduced ACTH and corticosterone secretion 60 min after RU28362 treatment must reflect a direct glucocorticoid effect in the anterior pituitary gland. Second, activated GR directly inhibits POMC gene induction in corticotrophs, but not in melanotrophs. Third, the activated GR does not inhibit c-fos or zif268 gene induction directly in the pituitary. We discuss these implications below.
RU28362 suppression of stress-induced ACTH and corticosterone secretion
We have previously reported that treatment with RU28362 or corticosterone 60 min prior to restraint stress suppresses the ACTH and corticosterone response, but not the c-fos mRNA response in the PVN (4). The conclusion drawn from these studies was that stress-induced neural inputs to the PVN were not inhibited within 60 min after glucocorticoid treatment. The results from this study extend those findings by suggesting that administration of RU28362 60 min before stress also does not inhibit stress-induced CRH/AVP secretion from PVN neurones.
It is possible that multiple hormonal signals converge on the anterior pituitary gland within 15 min of restraint stress onset, and that the c-fos, zif268 and POMC genes respond differently to these signals. In this case, RU28362 pretreatment may induce a selective inhibition of a stress-induced signal that induces POMC but fails to induce c-fos or zif268. CRH is the stress-induced signal that is most likely responsible for the POMC gene induction seen in both the anterior and intermediate/posterior pituitary. CRH is a potent stimulus of POMC induction in both corticotrophs and melanotrophs, whereas AVP has minimal effects on POMC gene Effect of RU28362 and stress on pituitary gene expression 133 promoter activity in corticotrophs (26, 32) . CRH has also been shown to induce c-fos mRNA in transformed corticotrophs (33) . Thus, it is likely that at least a substantial portion of the stress-induced gene expression observed in this study was due to CRH stimulation of corticotrophs. On the other hand, there is the possibility that other cell types in the anterior pituitary may be activated by other stress-induced secretagogues that are insensitive to glucocorticoid action. Immediate early gene expression in these other cells may then mask a selective reduction in corticotrophs. For example, there are substantially more lactotrophs than corticotrophs in the anterior pituitary and these cells are probably activated by acute stress since plasma prolactin levels often increase with stress (34). The secretagogue responsible for stress-induced prolactin secretion is unknown, but is probably not prolactinreleasing peptide (35) or decreased hypophyseal dopamine (36) . Although the expression of POMC hnRNA in the anterior pituitary presented here is undoubtedly specific to corticotrophs, further studies will be necessary to identify the phenotype of other pituitary cells that may express immediate early genes during acute stress. Given the overall pattern of gene expression 60 min after RU28362 treatment, we believe that a straightforward conclusion is that there was no suppression of any major stressinduced signals (e.g. CRH) to the anterior pituitary, and that the selective suppression of POMC hnRNA reflects a direct inhibitory effect of activated GR on POMC gene induction. The apparent lack of effect of 60 min RU28362 pretreatment on CRH neurone secretion inferred in this study cannot be attributed to a failure of the drug to cross the blood brain barrier because we previously found that RU28362 pretreatment not only occupied receptors centrally but also completely blocked stress-induced CRH hnRNA in the PVN (4). If, within this 60 min time-frame RU28362 does not block CRH secretion, then the inhibition of ACTH secretion must be due to a direct glucocorticoid action at the level of the anterior pituitary. There is surprisingly little previously published data that addresses whether a direct effect at the level of the pituitary is necessary to suppress hormone secretion. In support of this finding, the acute (< 2 h) effects of systemic glucocorticoid treatment on hypophyseal portal vein CRH levels have not been explored (37, 38) . However, there is one study that demonstrated rapid effects of glucocorticoids (< 1 h) on stress-induced changes in CRH bioactivity in rat hypothalamic tissue (3) . The extent to which those changes in hypothalamic CRH content reflect altered secretion and/or synthesis is unknown. Studies examining the effects of glucocortioid placement directly in the PVN on HPA axis hormone secretion routinely used longterm steroid implantation. One study that administered dexamethasone acutely into the PVN via bilateral microinjection observed suppressed stress-induced ACTH secretion 3.5 h later (28) .
The lack of a significant suppression of stress-induced ACTH and corticosterone secretion with the short (10 min) glucocorticoid pretreatment time suggests that the suppression seen after 60 min of pretreatment may be due to a negative feedback mechanism that requires some time to develop (i.e. a mechanism distinct from fast feedback) (2, 30) . Other studies have described fairly fast acting (within 1-2 h) inhibitory effects of glucocorticoids on ACTH secretion from isolated corticotrophs, AtT20 cells, or AtT20 cells cocultured with folliculo-stellate cells (8, 9, 39) . The inhibitory effects of RU28362 on stress-induced hormone secretion were more marked after 180 min than after 60 min. This 180 min treatment interval is probably sufficient for the development of multiple glucocorticoid effects that underly delayed negative feedback (2) . Thus, the longer treatment interval resulted in extensive inhibition of the induction of all three genes examined; thus, we cannot infer at this time-point whether inhibition of ACTH was due to a direct action at the anterior pituitary gland and/or an inhibition of stimulatory input to the anterior pituitary gland. Additional studies are required to determine whether glucocorticoids functionally inhibit stress-induced HPA axis hormone secretion via direct actions at the hypothalamus and/or pituitary after 180 min of treatment.
RU28362 regulation of gene transcription
The suppression of stress-induced POMC hnRNA in the anterior pituitary gland appears to be a result of a direct GR mediated inhibitory effect on gene expression. The POMC gene has a well characterised negative glucocorticoid response element (GRE) associated with its promoter region (40) . Homodimerisation of GR is essential for glucocorticoid suppression of POMC transcription, as GR mutant mice that are not able to form GR homodimers (GR dim ) have increased POMC expression similar to mice that are completely GR deficient (41) . Also consistent with a direct glucocorticoid inhibitory effect on POMC expression is the fact that it was evident in this study with only 10 min of RU28362 treatment prior to stress onset.
The lack of effect of RU28362 on stress-induced POMC expression in the intermediate lobe also strongly suggests that the glucocorticoid suppression of POMC in the anterior lobe is GR dependent. As confirmed by this study, other studies have noted that melanotrophs express very few, if any GR (18, 19) . The intermediate lobe may receive direct stimulatory input from CRH neurones and inhibitory input from dopaminergic neurones, and alteration of both of those inputs may be responsible for stress-induced activation of melanotrophs (32, 42) . By contrast to the anterior pituitary, stress-induced POMC induction in the intermediate lobe is not suppressed by glucocorticoids. Previous studies have also found that long-term manipulation of glucocorticoid levels (e.g. by adrenalectomy and glucocorticoid replacement) leads to an increase and decrease in POMC expression, respectively, in the anterior pituitary but not the intermediate pituitary gland (43) . Moreover, stress or CRH-induced increases in plasma alpha-MSH are not suppressed by dexamethasone treatment, whereas plasma ACTH levels are (44, 45) . The inability of glucocorticoids to regulate POMC expression in the intermediate lobe due to the lack of GR expression in melanotropes is also consistent with the fact that intermediate lobe POMC expression is normal in GRdeficient mice (41) .
GR activation within corticotrophs may lead to a rapid and direct suppression of the POMC gene and a delayed indirect suppression of c-fos and zif268 genes. The rapid suppression of the POMC gene is likely, as discussed above, to be via a negative GRE. Glucocorticoid response elements have not been identified within the promoter regions of the c-fos and zif268 genes (46) . However, activated GR may alter the expression of another gene(s) and the subsequent increase or decrease in that gene's protein product 180 min later may result in suppressed c-fos and zif268 gene induction.
More long-term glucocorticoid treatments (several days of corticosterone pellet implants) have been shown to suppress stress-induced c-fos in PVN (17, 47, 48) . Interestingly, one study found that stress-induced rise in zif268 expression in the PVN was not suppressed after chronic glucocorticoid treatment (17) . If the inhibition of zif268 mRNA expression in the anterior pituitary seen in this study reflects action of RU28362 within those cells, there may be phenotypic differences in the ability of glucocorticoids to suppress this gene. On the other hand, the fact that the stress-induced increase in zif268 mRNA was suppressed in our study may indicate that the stress-induced input to the anterior pituitary is reduced within 180 min of glucocorticoid treatment. We also note that there was a statistically significant increase in stress-induced zif268 mRNA in the anterior pituitary of rats injected with RU28362 10 min before stress onset compared to vehicle injected rats. It will be important to see if this unexpected finding is reproduced in subsequent studies because it may represent a transient enhancer function of GR on zif268 gene expression.
In conclusion, by observing differential effects of the GR selective agonist RU28362 on stress-induced gene expression in the pituitary, we are able to make some inferences about the site of action and processes that underlie the functional negative feedback effects present. Within 60 min of RU28362 treatment, we conclude that stress-induced ACTH secretion is inhibited due to a direct GR-mediated effect within the anterior pituitary. This inhibitory effect is independent of signal transduction pathways leading to stress-induced immediate early gene (c-fos and zif268) induction. This effect is not evident within 10 min of glucocorticoid treatment. More extensive inhibitory effects emerge 180 min after RU28362 treatment, and these may include direct actions within the anterior pituitary, as well as actions in the brain controlling the stress-induced signals that converge on the anterior pituitary.
